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Before  Arrhenius  pre 

number  of  investigations  were  carried  out 

ich  was  the  study  of  the  conductivities  of 

us  solutions.   Since  the  proposal  of  the  theory  there 

ieen  a  still  greater  number  of  similar  inves  s. 

re  particularly  interesting  in  the  light  of  certain 

s  cause  of  the  dissociating  power  of  a 

solvent*   To  these  hypotheses  and  to  sone  of  the  <vork  in 

ilvents  reforer.ee  will  in  another  p 

is- dissertation. 

sen  done  on  conductivities  in  mixtures 

of  solvents.   A  brief  review  of  what   as  been  done  in  this 

field  is  riven. 
(1) 
Lenz     measured  the  co>  B  salts, 

potassium,  iodide,  bromide  aid  chloride,  sodium  chloride, 

xtures  of  methyl  1  alcohols  and  water. 

Lenz  f         it  i n  certain  cases  t 

equation 

r  »  100  (  1  +  b  v  ) , 


1.  "en.  de  1'  Acad  .  de  St.  irg. 


.  e  per  cent,  v  is  the  volume  percent  of  alcohol, 

ixtures 

ethyl  alcohol  am: 

(1) 
Stephan     stud  ictivitiee  of  dilute  t 

tions  of  sodium,  potassium  and  lithium  chlorides,  and  sod 

iodides  in  m ixtures  of  ethyl  alcohol  a 

of  Stephan  will  be  given  a  ".ore  detailed 

id e rat  ion  in  the  second  part  of  this  dissertation. 

(2) 
Kablukoff    deter  oric 

acic         I  alcohol  containing  varying  amounts  of  water. 
(3) 
Arrhenius     investigated  the  changes  in  the  conduct iv: 

of  aqueous  solutions  resulting  from  the  addition  to  the   of 

ies  (less  than  10£  by  volume)  of  non-electro- 
lytes, such  as  methyl  or  ethyl  alcohols,  cane  supar,  acetone, 
e  tc  . 

Arrhenius  found  that  the  cnanges  cculd  be  expressec 

•  i  c  a  1  formula 

I  =   U  1  ♦  a  ) 
x 

L  is  the         ivity  in  water,  l0  that  ii  're, 

s  volume  percent  of  added  non-  i        a  ,  a 

t  peculiar  to  eacn  non-electrolyte.   Where  two  non- 


(1).  Wied.  Ann. 
(2) .  Ztechr.  P 


similar 

fount         d .   The  cc  ;  <t  differs  not  only  for  ■ 

t  nonelectrolytes  and  differen 

cent  rat  ion,    and    i  reatest    vrnen    dissociation 

is    least . 

^eludes  t 1        amount  of  dissociation  is 

not  appreciably  c  J  quantities  of 

noneltctrclyt.es.    This  follows  fr  liter* 

luctivity  is  irdependent  of  the  concentration. 

Further,  he  found  velocity  of  inversion  of  c 

is  net  appreciably  influenced  k   addition  of  s 

s  of  nonelectrolytes. 
(1) 
Holland     worked  i.  e  field  as  did  Arrnenius. 

(2) 
Hie;  work  will  be  referred  to  again.   Str'ndberg     repeated 

e  of  Arrnenius'  (loc.  cit.)  work. 
(3) 

itGured  the  conductivities  of  various  el 

trolytesj  sodiun  and  potassium  chlorides,  hydrochloric  acid, 

in  i  c  acids  in  mixtures  of  ethyl  alcohol 

rater  (containing  10,  20,  30,  40,  and  50£  alcoht 

:  a  s  e  s  studied  the  equation 

_^  ^ 

pTTc  " 

re  A  i s  1  i 


■ 
... 


■•  oly  te    in    .va  ter    a 

ctively,andpis 
(1) 

detor-iined    i  ties    of    pier  in 


(2) 


aque 

7  el  Krapiwin    stud:  stivitiesof 

criium  iodides       r  .ides  in  ....  r, 

alcohol,  and  a  mixture  of  the  two  C(  50t  of 

ions  fron  v  -  Ul,   to  v  =  10241. 

Here  a  striking  phenomenon  was  observed.  ictiv 

s  in  the  fifty  percent  mixture  were  found  to  be  dec. 

by  lesi         e  corresponding  c ond uc tivitiet         pure 

sb est  seen  when  the  results  are 

•  ed  as  curves  with  trie  conductivities  as  ordi  nates  and 

on  of  the  'ixture  as  abscissae. 
(3) 
Cohen    observed  the  minimum  in  the  case  of  potassium 

iodide.   C  study  of  tue  conductivity  of  potas- 

sium icdide  in  mixtures  of  ethyl  alcohol  and  water  (con- 
taining 20,  40,  60,  80,  and  99>  alcohol).   The  dilutions 

.o  v  =  2  04  8   .   T 
itself         ;  .'  !     on. 


( 1 )  Z t s  c  hr . 


^    [j^O ■  C 

■  utit  of  b<        .  rature  and  concentration. 

conductivities  compared  are  approaching  a 

ing  value  ther  the  dissociation 

same  in  the  case  compared,  or,  in  the  case  of 

.vater,  .conductivity  is  not  a  direct  measure  cf 

dissociation.    C c         :nes  to  the  second  v i 
(1) 
lambly    studied  th        ctivity  of  die 

lydrochlor  5  de  in  mixtures  of  water  ohol. 

(2)(3) 
Hants  sting  applications  of  results 

budying  conductivities  in  various  mixtures. 

U) 

.tra    investigated  the  conductivities  cf  solutions 
ction  of  mixtures  of  methyl  or  et.iyl  alco- 
hol and  water  on  sodium.   In  the  case  of  the  mixtures  cf 

-I  alcohol  and  water  *         ^m  was  observed. 

(5) 
Pot  a    "ade  a  careful  study  of  the  conductivity  cf  po- 

loride  in  mixtures  of  et.yl  alcohol  and  water  c 


1.  Jour.  C.  S.  71,  61,  (189 

(2) .  Z      •     •  .      .  25 ,  00) . 

(is)  Ber.  ,  35  ,  1001  , 

(  t )      .     .  Akad.  te  Ai        .  19  03  ,  10' 

(5)  Ztschr.  Phys.  - 


taining  S  and  20'  alcohol  b 

tion  given  by  Waken.an  (loc.cit.)  nolds,  while  t 

Cohen  (loc.  c it.)  was  found  not         .        ;uotient 

y^Y.  ,  ,  was  found  to  decrease  ffitl  increasin 

^  H  x0  - .  A 1  c  . 

e  amount  of  alcohol  in 

nixture.    Tnis,  Roth  thinks,  may  indicate  a  decrease  in 

sociation.   The  relation  given  by  Arrhenius  (loc.  c 

Leo  found  to  hold. 

(1)  (2) 

Lf    and  of  Rudorf    needs  no  further  c-  - 

sider.        re. 
(3) 

Lindsay    ,  .vork  of  Zelinsky  and  Krapiwin 

f  Cohen.   The  solvents  used  .'.'arc    water,  net 
isopropyl  alcohols,  .-res  of  these.   The  salts 

ere  potassium,  cadmium  and  strontium  iodides, 

ide  and  lithium  nitrate.   One  result  of  Lindsa. ' 
■vas  to  show  that         Lmum  is  more  or  less 

^ay  worked  at  two  temperatures,  0°  and  .25°  ,  and  was 

not 
occur  'ature,  it  does  occur  at  t 

r  a  t  u  r  e  ■ 


102)  . 

Ztschr. 

3.  Pissertat  i  en  ;  .'  ty.  UOj. 

!)  . 


. 


He  also  e         -'effect  of  variation  of  t e 

in,    ■  fffect  be  r:so  in  to •  ;  urature 
.imum  toward  a  mixture  coi. 
o  nol . 
The  first  part  o  rtation  is  a  continua- 
tion of  t  .\a    investigations  of  Zelinsky  and  Krapiwin,  of 
Cohen ,  and  of  Linds 


EXPE 

Appari 

■.■  Kohlraui  ing  conductivity  was  iu 

t  this  in11  •       bridge -wire  was  of" 

The  resistance  coils  manufactured  by  Leeds  &.    Co. 

were  guaranteed  accurate  to  within  one  twenty-fifth  of  one 

conductivity  cells  cere  of  the  form  use< 

Linc'say.   Tiie  constants  of  these  //ere  determined  by  means  of 

N/50  and  N/500  potassium  chloride  solutions.   Cells  used 

'ne  conductivities  of  tuo  solvent  and  at  high  dilutions 

(1) 
treated  in  the  manner  recommended  by  .Vhetham 

'■i,des  were  first  coated  with  platinum  black  in  the  usual 

re  after  .'ards   heated  to  a  high  temperature 

lame  of  a  blast  lamp.   It  was  found,  a:  it  e  s  , 

ie  usual  coating  of  platinum  black,  in  sp'te  of  careful 

and  long  continued  washing,  retains  traces  of  salt  that  are 

subsequently  passed  slowly         Lution.    The  oxidizing 

action  of  the  platinum  black  is  also  thus  avoided.   For  t 

purposes  mentioned  electrodes  of  this  kind  cannot  be  too  hi 

;»d.   The*   e  -  ;one  is  fully  as 


(  1)  .       •        .  34  (  \)   ,  321 ,  ( 1900)  ; 

•  t  ,  (  1  J  0  0 )  . 


• 
twenty  five  d  ial  (Ostwald) 

LI  hot* 
type  used  by  Li  •  Ls1 

of  an  outer  and  inner  vessel.   The  anni;  ■  between 

^rwr    vessel  .''ore  filled  with  f'nely  crushed 
iee.   The  outer  of  ice  v/as  rcoibtened  with  a  smali 

quantity  of  distil  e  inner  ves- 

sel  about,  an  equal  weight  of  .vater  was  udded.  :  ore- 

go  i  ng  -oans  the  temperature  of  a  ceil  i  m m ersod  in  the  ice 

r  of  the  inner  vessel  could  be  kept  for  any  desired 
Dd  of  time  at  0°.CM  to  0°.05. 
The  ig  flasks,  pipettes  and  burettes  were  caret' 

cali  brat  ed  . 
Solve  Tiie  vater  used  v/as  purified  in  the  follow 

r y  distilled  'water,  after  addition  of  potassium 
dichromate  and  sulphuric  acid,  was  redistilled.   The  distil 
'lied  from  chroi.iic  acid  into,  and  then  frt 

solution  of  barium  hydroxide.    Where  the   onductivity  of 

-6 
the  water  taus  obtained  was  above  2    x  10   ,  it  was  redis- 
tilled.  In  many  cases  the  conductivity  was  "such  less  than 
.  ;  e  . 

■ 
cial  preparations  obtainable. 


10. 


>s  dehydrated  by  standing  in  c< 

d  lime  for  several  weeks.   Fn 

m  allowed  tc  stand  over  de 

suit-        r  a  week  or  more.    As  required  for  use,  it 

copper  sulphate.         j.antities  of  b  o  - 

dium  being  added,  and  precautions  be  tect 

the  distillate  from  access  of  moisture. 

ivity  of  us  obtained  was 

-C 
usually  fr    1  -    x  10      That  cf 

les;  -  s  . 

:  i  c   acid  used  was  obtained  from  Bender  and  H  o  - 

bein  and  was  designed  for  cryoscopic  work.   The  amount  of 

water  contained  in  it  was  determined,  as  suggested  by  Rudorff 

bservation  of  its  freezing  point.   Its  conductivity  was 
-6 
less  than  2  x  10 

1  solutions .  . 

Tne  mixtures  cf  solvents  were  prepared  as  follows. 

n  c  c  for  example,  were  diluted  to,  say,  100  cc. 

This  is  designated  as  a  mixture  of  "n"  percent  alconol. 

In  making  t::e  dilutions  calibrated  flaBks  were  used, 

a  f  o  .v  tenths  of  a  du  -ree 

of  calibration. 


it  into  a 

ik  was  filled  1 
was  kept  u l         ' rol . 

Lly  the  original  solutions  were  N/16  or  n/^-2  . 
i  o 1 u  t  i  o  n  s  solution! 

aasured  portion  of  the  solution.   Where 
quantity  to  be  used  would  be  too  s^all  to  be  Tiaasured  nri 
reasonable  accuracy,  one  of  the  int  orniad  i  at  e    solutions  was 
i  starting  point  for  furtier  dilutions. 


. 


• 
constant.  cells  used  were  <;■  or 

at  inter       r  a  f e #  <  ■  bion  from 

to  seven  or  eight  different  resistances  w e r 
The  values  given  in  tie  tables  are,  tnerefore,  of 

oris.   Conductivities  at  are  molec- 

B  c  n  d  u  c  t  i  v  t  i  e  s  . 

Cadmium  Iod  ide . 
:admium  iodide  used  was  a  preparation  from  Kah^ 
used  by  Lindsay  in  his  work. 

conductivity  of  cadmium  iodide  in 
water        ]  alcohol  and  fixtures  at  .25  only. 

It  see 'ied  desirable,  therefore,  to  com- 
e  compound. 
The  cadmium  iodide  was  dried  by  bein^  allowed  to  stand 
an  desiccator  over  calcium  chloride  for 

i  to  dry  it  bjt  Ion,' 
ingina'"     -      at  70  -80.   It.vasfou' 

gives  place  to  the  pi1 

r  ari 

. 

of  d-  en. 


. 

Cor. 

V 

0° 

16 

31.16 

. 

51.93 

12? 

• 

76.54 

•  f  Cd  Ivi. 


. 

81.82 

107.77 

130.24 


c. 

1.670 
2.111 
2.6G6 


r-ature  coefficient,  or  the  cnange  in  conduc 
for  one  degree  a tare  is  indicated  by 

]  c . 
Table  2.  Conductivity  of  Cd  I  in  25^  CHa0H  at  C° 


V  . 

0° 

16 

14.5  7 

. 

• 

28.59 

256 

ble    3. 

V 

C  o  n  d  u  c  t  i 
o° 

16 

9.9  6 

■ 

128 

. 

. 

25 
33.83 
42  .10 
55.02 
70.22 
87.31 
1  Ixin 
20.82 
24.21 

. 

4  1.61 

5  1.4 


c  . 

0.770 
0.977 
1.294 
1.665 

and    i 
c 

0.519 


. 


ctivity    of    Cd    IZJ  j 


c. 


16 

. 

.  :?  1 

9  .71 

17.08 

. 

11.24 

20.08 

0.3 

14.3  7 

25.68 

0.45  2 

256 

18.58 

33  .52 

0.598 

5  . 

Conduct! vity    oi 

r  Cd  i. 

i  ' 

i  loo;: 

CH30H    at 

0°    and    at 

V 

0° 

25° 

c 

16 

10.9  6 

13.39 

0.097 

11.55 

14.51 

0.: 

54 

12.66 

14.83 

0.087 

128 

13  .69 

16.82 

0.1 

256 

17.62 

20.01 

0  . 0 

Table 

_6. 

Compar 

o;' 

j  son    of 

25* 

Conduct!  vi  ties    at    0° 
50^                    7  5£ 

V 

CHjOH 

16 

31 

14.57 

9 

8 

.9  I 

10.96 

4  0 

.07 

17.68 

11 

. 

.1 

.71 

11.55 

51 

.93 

2  2.68 

14 

•  : 

11. 

.28 

'      • 

C8 

.53 

. 

. 

• 

• 

. 

. 

21 

.     ' 

13 

• 

. 

-:son    of    Conduct ivitiea     it 

o;:  7  5^ 

.86               33.  .                          .78               13. 

81.82                     .10  .21  17.08               14. 

104.77                55.  31.  20.08                14. 

L3l    •                     70.  .61 

87.31  51.40  33.52               20.01 


8.  iductivity    of    Cd    I,,   in    25^    Cx:i^ 


16  26.97 

. 

128  54. 

69.71 
ty    of    Cd    Ix  in    50£    C    s 

V 

14.03 

16.19 

18  . 

. 
.89 


. 


10, . 

i 

V 

• 

■ 

10.94 

12  .27 

15.16 

11. 

ctivity    of 

Cd    Ix    in    100J*     CXH^-CH 

V 

2  .29 

• 

2.32 

128 

2.3  0 

• 

i :. 

■: p ar i s o n    of 
25* 

v  i  t  i  e  s      at 

7  5j£ 

°. 

V 

< 

16 

• 

.37 

.03 

.     . 

81 

• 

34.9  0 

.19                 9.52 

• 

lOt 

. 

. 

10.94 

• 

. 

54.54 

2  5.1 

• 

. 

69  .71 

3  4.89 

• 

— I 1 


Go-n3uct>v/\t ie.s  ok     CoL^wium  "loc>i^e. 


Wo.te.-r,   Metlwl    FHco'hol    txn^    mix.  hj  res 

oJr    o° 
xv--  iu 


FT, 


-■ 


o 


i-n 
YV  a-te-Y  ,   t^l  e  I  Kn  I   P[  lco  no  I     a_-n  ^  -m  >  %"Vb  ref, 


Tiv    cent     CH,Ort      Uv/   volume- 


.  given  ,  i 
iodide^ 

r  o  ,  at  v o 1 u a e a  - 
- s .   Beyond  these  dilutions  it         a r  s  • 
In  various  mixtures  of  ethyl  alcohol 

1  e  1  2  )  ,  n  o  minimum  .  e  d 

ill  cases  lsss  than  would  be  expected  from  the  r 
o  f  a  v'e  r ag  e  a . 

results  '.  plotted  as  curves  in  Figs.  I  and  II, 

ites  being  conductivities,  the  abscissae  repres 
ing*  lume  of  alcohol. 

S  o d  i  un  iodide. 


The~sodiun  iodide  used  was  a  preparation  t   I       'ueen 
carefully  purified  by  Lindsay. 

The  salt  was  dried  i.  r-bath  for  three  days, 
it  re  of  110  -  13  0  .  longed  ti 

.  solution;  /direct 


. 


V 

0° 

57.46 

IOC  .0 

105.7 

59  . 

100  .35 

10.'  . 

60. 

112  . 

11  . 

• 

115.5 

11  . 

64. 

118.08 

117.9 

c 

. 

2.000 
2.069 
2.126 

2.152 


last  coiann  are  those  given  by  Ostwald 


(  Lehrbuch  ,  UTo'  .  i  *3 
be  quite  . 
Table  14 .   Co 

V  0° 

32 

128 

o7.83 


of 


)  .  t    is    sec 

>%    CH30H    and    at    25     . 


2  5" 
70.62 

72.77 


c 

1.53 
1.5  04 
1.49 


in  corrected  for 

■  15  .  Conductivity  of  Na  I  in  50^  CH30H  at  0° 


58.30 


1.171 


16.  i 


0 

31.70 

34.72 


56.50 

59    .1:7 

63  .77 


c 

1.121 
1.151 


Table    17.     Conductivity    of    Na    I    in    100£    CII30H    at    0°a 


V 

0 

° 

c 

. 

7d.03 

0.838 

55.95 

. 

0.867 

1 

58.89 

82.76 

0.  i  55 

2 

5  6 

. 

86.19 

1.009 

. 

. 

1.028 

Tab 

18 

18. 

Compar i  son 

of    Conductivities-     a 

t    0°. 

V 

0% 

75* 

100*; 

57. 

■ 

. 

31.70 

51.09 

. 

.     . 

33  .08 

. 

on 

.71 

■ 

. 

• 

58.89 

• 

36  .73 

. 

. 

512 

64. 

37.83 

3  2.08 

• 

..6. 

' — I 1 — 


— 


f«-^-c-«-T>  t  r\\<~  oli  ol         U\i      volum 


FTo..on=i 


:  0 , 


. 


75* 

100* 

10    . 

7  0.1 

. 

.  5  0 

7  2.03 

.; 

2  .77 

. 

. 

. 

128 

2  .  t4 

73  .78 

50  . 

61. 

82.7b 

11     ■ 

. 

. 

.74 

. 

.Ob 

74  . 

. 

. 

• 

g  :;  v  e  ii  ,  t 

ated  (Fig.  Ill),  it  is  ev 
Lodide  exhibits  t  ie  minimu 
.  alcohol         er.   Only  two  dilutions  at  the  two 
■.rutures  of  observation  have  been  plotted.   The  cur1 
too  close         i  if  all  w e r e  plotted. 
Tne 

Fur  if  ting  effect 

erature  a  on,  also  ob- 

serv  J  5  ,  v  - 

e  .  \  t  0 

n  e  . 


I 

Its. 

v s  at  a  temperature  of  13  0   -  14  0 
ry  to  bring  it  to  c  .  unt 

caused  no  perceptible  decomposition.    All  original  sclir 
■a  ere 

.  20.   Conduct        :'  Calcium  nitrate  in  vater  at  0 


16 


0 

. 

102.47 


■ 


■ 


_•  nitrate  i         *, 

2  5  . 


v 
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e  behind  the  conductivity  minJ 
For  comparison  the  f  c  1 1  o .v  " 

Table  50.  Comparison  of  the  "olecular  Conductivity  of  Jotas- 
Iod:'de  in     er  ,   'et  iy  1  Alcohol,  and  "ixtures  0 


Solvents  at  0 
v    Qi  20$ 


■hOfi  50> 

35.48 


74 .  09 

128    7b. 4F  47.26       35.9.^       3 

256    77.01  47.79  :  ...13 

7  8.0D  48.4 5       3  7.02       3  6.05 

1024    77  .96  49  .07       37  . 


35.12 

80;£ 
39.03 

100^ 

59  .3  2 

35  .71 

40.51 

41.83 

.  . 

43  .23 

. 

37.  1j 

44.45 

. 


Tabl  e 

urn    I od  id  a ture  s    o  f 

2  5°  . 
v 

.1         91.91       72. 14 

93  .78       73  .69 

75.14 

9  7.12 

98.10      77.68 


.] 

135 

.  1 

256 

.0 

159 

.6 

1024 

140 

.7 

67.46 

6  5.04 

70.oo 

3 

70.3  7 

68.76 

71.83 

- 

71.72 

70.00 

73  .16 

70.9  4 

74  . 

102.0 

It    is    seen    that    at    0      trie    minimum    of    conductivity    occurs    in    a 
xture;    the    fluidity    minimum    occurs    in  re. 

occur    in    65    and    56>    (for    o  0°  ) 

Strontium    Iodide    also    affords    a    good    example    of    the    shift- 
as    the    following    tables    frori    Lindsay' 
work    show. 

r  i  s  o  n   of    the    " o 1 e  c    ] 
Iodide  r ,       e t      1  d1,    and    Mixtures    of    thes< 

at    0.° 

v  0%  100     . 

113  .1 

L17.7  .  ,01 

. 
/  70.98 


V 

o- 

25* 

205. 3 

131.3 

64 

:  .5 

L  2  1.5 

128 

3  .1 

14-5.3 

231.8 

152.3 

512 

. 

157.4 

1024 

;  .9 

161.9 

100* 

98.09 

101.4 

104.8 

115.3 

11]  .  t 

128.6 

lit  .0 

111  .4 

124.8 

153  .9 

131.4 

t  r  o  it 
lyl    Alcohol  ,  .res    c  f    t 

103  .8 
109  .9 
115.3 

120.1 

124.3 
128.5 

-use    of    Strontium    iodide    the    real    minimum    wc 
bly    be     found     in    a    -n^tare    between    tne    50    and    75*    mix 
.    also,     in    the    case    of    lithium    nitrate,    as    s.iown    in 
follow::  Lindsay. 

r i s o n    of    the    "olecular    Conductivity    of 

yl    Alcohol,  .-.tares    of 

.     at    0°  . 

23.59 
24.49 

25  .71 


V 

5  0.00 

. 

51.49 

29.68 

128 

..  1 

30.15 

•    rO 

30.70 

512 

3  1.35 

- 

100* 

26.67 

45.97 

27.95 

50.12 

. 

53  .95 

29  .51 

. 

. 

31.91 

v  j  t  y  of  : 
r  ,  .  e  s  e 

at  2  5°  . 

47.87 

49.92 
51.50 
53.  5  7 

55  .60 

•  es  for  sodium  iodide  ( p  ^ )  it 
seen  that  at  0  the  minimum  occurs  in  the  5  0^  mixture. 

for  one  dilution  v  =  32,  it  occurs  in  ire, 

elsewhere  in  tne  50£  mixture.   In  all  -eal 

nund  ir.  an  intermediate  mixture  . 
'.Vhen  v/e  attempt  a  comparison  for  etr.yl  alconol  the  data 
are  more  meagre.  The    minimum  was  found  by  Lindsay  to  occur 
at  0  only  in  tne  cases  studied  by  him. 


V 

91.83 

. 

94.62 

G2  .It 

128 

9  8.00 

3  .' 

99  . 

64.9c 

512 

101  .3 

6  6.78 

69  .02 

1< 

4  7.06 

.51 

49.52 

51.64 

74 

.  i] 

54.36 

80 

.  ,1 

5o.68 

83 

.3  1 

58.56 

86 

. 

t i v i t y  of 

rcent 
■■  on ts  at  0*  . 


128 

256 
512 
1024 


Water 

0° 

74.22 

75.23 

77  .49 
77.78 


0° 

19.89 

2  0.09 
20.70 


6 
16.71 

ia . 

22  . 
22  . 


1'ab  1  e  5_7  .Co 

odide  in  percent 

"ixture  of  these  Solvents  at  0. 


Mixture 


1  Alcohol 


64 
128 


74.09 

7  7.01 
78.0 
77  .96 


19  .26 
19.8  : 

20.92 

21.  rj 


19  .12 

. 
27  .43 


64 

128 

512 


a 

50.0 

51.4-9 

52.51 

. 

55.30 


13.10 
13.5  6 

14.27 

15.4-5 


X      s 

15.60 
21.36 


ition  of  these  data  cure  in 

a  fluidity  minimum  occurs  in  a  -re. 

conductivity  minimum  might  well  occur  at  s 
ind  consequently  it  is  hardly  safe  tc  press 
er  too  far. 

Lindsay  also  made  some  measurement        ,;ures  of 
1  am  ethyl  alcohols.   ""o  minimum  was  observed, 
ctivitiesfoi  •  :•  u  1  d  b  e 

a r 1 y  due 
e  two  so: 

I  can  find  no  data  re 


P. 


S  tat  6  8  , 

. 
ever,  of 
in  conductivity  and  in  fluidity  ia  not  in 

cond  :ind  fluidity  curves.  ca         be 

approximate.  are  the  respective  rat 

of  d         (.by  percent)  of  the  two   -  that  is  the  diff 
in  percent  from  what  would  be  expected  from  the  rjle  of  t 
ages .  a lly  as 

follows.  es  of  a  straight  line  of  chosen 

oiculars  proportional 
v  e  conductivities  (  or  fluidities^ 

i  x t u r e  s  and  connect  t  ... 

'je  the  base  line  into  parts  proportional  tc 
of  the  various  mixtures.   The  perpendiculars  joining  t:.ese 
points  of  division  and  the  line  previously  drawn  wil 

-  '  -  . 
(or  fluidities).  st  be  done  .or- 

dinate paper.   Theforegoi 

in  co." 


:" 


V 

0.3 

t65 

. 

0.3: 

0.472 

50 

0.311 

o... 

,481 

. 

•  •  J9 

.  133 

3.464 

0.340 

..  .32 

•  ,C4 

0.b43 

in    Flu 

ity   -  - 

ion 

iid- 

.  '61 

0  .  G  2  7 

0.601 

variation  in  fluidity  ie  in  all 
bs  greater  than  the  variation  in  conductivity.   The  two 
.tions  must  be        ed  in  order  to  see  where  the  effect 
of  variation  set.   If  trie  two  effects  •'.  •        ~ly 

n^>-AjL<,     would  equal  zero.   In  tnis  relation  wt 
.'/  o  e  f  f  e  c  t  s  .  ad  e  i 

pari  so-         follow: i 


.287 

.2  58 

. 

0..: 

0.253 

512 

.  582 

. 

0.231 

0.231 

0.232 

It  is  evi  e  effect  of  variation  of  f] 

on  c  rt'-eateBt  in  the  40^  mixture,  for 

a  of  the  quo  is  seen  '  e  f  - 

dilution  and  finally  bee 

. ;  o  n  s  for  potassium  i  c 
cohol  and  water  at  0°  i 

Its. 


20* 

50^ 

a 

V 

-0° 

0.479 

0.494 

" 

.  >  5  6 

0.372 

0.350 

" 

0.5 

0. 

* 

,    l:>7 

^  ... 

0.3 

0.360 

0.509 

0.502 

i° 

0.377 

0.394 

. 

0.300 

-0° 

. 

5  10 

0.513 

° 

0.262 

0.3  79 

0.399 

0.381 

-    " 

0.. 

0.503 

0.^08 

° 

...79 

0.  • 

0.320 

J.  «t>  - 

0 

0.543 

69  5 

0.695 

0.682 

a   <|i- 

° 

0.575 

on    in    fluidity    and    in    con- 
duct! v  L  t  y      -^  *t  ~  fj  f-4- 


40^  65^  a 


-       ° 

0.311 

.  31 

' 

0.309 

128 

.    0« 

3  35 

° 

o... 

-    0° 

0.2 

■       ° 

" 

0 

° 

. 

. 

en  (PercentaF.e  f  a  1  i  )  i        •*, ivity  of 
it e  in  mixtures  of  "ethyl  alcohol  and  w 
0  and  2  5  .   ( Fr 


as* 


3    by  volume 


32 

-    C 

0.406 

0.: 

0.432 

25 

0.285 

,i 

0.333 

-    0 

0.417 

0.518 

0.443 

25 

0.296 

0.392 

0.345 

128 

-    0 

0.452 

0.532 

0.466 

O.o07 

0.403 

0.358 

25i, 

-    0 

0.43  6 

0.535 

0.  . 

25 

0.314 

0.4C6 

0.3 

512 

-    0 

.    r  41 

0.541 

0.477 

25 

0.310 

0.408 

0.354 

-    0 

0.4; 

0.541 

0.477 

0.3  00 

.  HI 

0.3 

-0 

0.600 

0.695 

0.  .     . 

25 

0.575 

0. 

. 


■ 


64 


• 
25°  0.351 


0.318 


0.283 


1.8-0°  0.  .  ,35  0.294 

-    0"       "  b".2  73  J  30 

.311 
512    -    0°         0.261  122'  '     '  *  0~.277 

0.290 

L024     -      °  ,  :Z2 

0.285 


In    the    following    tables    are    given    the    data    for    sodium    i< 
own    results. 

n    (Percentage    fall,     in    conductivity    of 
sodium    iodide    ir.    fixtures  1    alcohol    ant' 

and    at    2  5°  . 


25JT 

-     ° 

. 

. 

25° 

0  . :. . 

-       " 

. 

.     19 

° 

.310 

-       ° 

. 

■ 

.. 

-       ° 

.  1    8 

P.5n8 

• 

0.395 

. 

-       ° 

' 

.. 

r 
ductivity. 


75^ 


- 

3  78 

.; 

. 

- 

. 

. 

0.313 

512 

- 

'81 

25 

0.29C 

,3  01 

illy  I  f.ive  a   comparison  of  the  temperature  coefficients 
ty  for  various  electrolytes  and  for  the  various 
mi  xtur es . 

Comparison  of  temperature  coefficients  of  conduc- 
ty  and  of  fluidity  for  various  electrolyte,  in  ;   ," 
3 xt  ures  . 


' 

' 

' 

4  - 

1.  ^ 

3>xt  a-t- 

. 

27.8 

-     . 

Jll 

."2  13 
Cdl,  . 


0.r,i87 

• 

0.0179 

.     117 

. 

0.017a 

. 

ients    are    seen    to    be    mott* 

alta    in    t 
r-iture    coefficients    ol 
lidity    f oi  ,_ 


4-0° 

.39 

22.8 

14  . 

55.5 

9-        " 

112. CO 

60.7 

41.77                55 

.1 

250*  ' 

"o".c..         ~~0~ 

• 

! is  [u>- 

KT 

0.0172 

0.0237 

13  5 

v    = 

0.0184 

0.0251 

138 

v    = 

0.02 

0.02 

o.c : 

V      = 

3    ^  0.0182  0.0233  0.0245  0.0210  0. 

It     is    evident    fr: 

.    and    Ca    (N03),_    ,  K^_     is 

for    Ca    (  3  for 


|UOt      ^-'\    t^f*' ,    is  a  meai 

/a.  4> 

oonduc- 
,se  in  fluidity.   If  the  decrease)  ne 

value  of  tne  quotient  would  be  zero. 

•ease  in  ionic  mobility  result- 
lecrease  in  fluidity  is  not  pro        J  to 
Bcrease. 

come  to  compare  the  effect  in  the  case  of 
i  iodide  in  mixtures  of  the  two  alcohols  and 
(Tables  55  and  57),  it  is  seen  that  the  effect  of  decre-. 
of  fluidity  on  ionic  mobility  i 

.res,  or  the  two  effects  are  here  most  nearly 
parallel.   The  effect  is  less  for  potassium  iodide  i 
alcohol  mixtures  at  both  temperatures  of  observation  0  and 

ia  to  be  renember.:  out  of 

account  possible  differences  of  dissociation.   Increase  of 
iissoc.  .  i'joous  sc 

corrs..         vo  u  1  d  subtract  f  r  c  t  of  decrease 

i  d  i  t  y  . 

- 
more  ' 


for  C  t  8 . 

ore  prone 
alcohol  fixtures,  occurr.  res 

rally  at  0°  a  .  .  -.on 

'eater  in  e  r  c  a  a  e  ,  w  h  a  n  w  e 

a  proper  on.   The  conclusion  is,  then,  - 

minimum  in  conductivity  is  so  to  speak,  merely  incidental* 
reason  why  it  is  not  so  marked  in  the  case  of  the  ethyl  alco- 
hol mi /.tares  is  to  be  found  in  the  snail  conductivities  in 
et.nyl  alcohol,  these,  in  turn,  as  will  be  shown  in  the  last 
part  of  this  dissertation,  being  small  on  account  of  the  rel- 
atively great  viscosity  of  ethyl  alcohol,  and  its  r  ill 
diss          .  ower.   On  the  o  t        I  ,  the  phenomenon  does 
exhibit  itself  in  the  ot:ier  mixtures,        is  because  of 
the  high  conductivities  in  met  yl  alcohol;  t.iese  be  on 
account  o        lall  viscosity  of  methyl  al 
tively  great  dissociating  pover. 

Considering  all  the  salts  in  t.ne  v  xtures,  it  : 

-jneral,  the  effect  of 
t i v i 1  t  mixture 

conductivity  occurs*   - 
■ 

I 


■ 
effect  is  offset  by  the  of 

n  ,     t  of  1      f    mixture  being  8L«8,,an 
mixture  ly  68.9  .   In  cases  w 

be  found  in  tl 

e  r  dilution. 

The  effect  of  variation  in  temperature  is  also 

-ate 
Lcularly  in  the  case  of  lithium 

xm    effect  is  in  tin   5  0  £  mixture,  at  2  S   ,  i 

ixture . 

In    the    last  compari- 

uture    coefficients    of    fluidity    and    of    c on  duct i- 

for   varii  rolytes    in    t  x  t u  r  e  s    o  f 

sthylalcol  es.for 

data    are  np.re. 

noarl;  ,    differing    by    onl; 

i  a    c  1  < 


For         "1  alcohol  mixture,  50»  ,  the  temperature  cr 
cients  are  seen  to  diff 

mixtures.   In  other  //  c  r  d  s  ,  \**   =  con 
facts  are  .        ant,  as  will  appear  frcn  the  li 
lis  dissertation. 

elusion  26,  ;y  of 

os  in  binary  mixtures  of  various  alcohols 

uses  a  c  c  o  m  p  a  >  i  &  d  by  the  minim u         t  i  v - 
,'elir.sky       i  ed  by  a  di- 

minution in  the  fluidity  of  the  solvent,  and  a  cc         t  de- 
crease in  ionic  nobil' 


. 


quid  or  solution  is   . 
force  (in  dynes)  necessi  a  layer  o 

cule  in  tnickness  and  of  unit  area  (l  e 
cm.)  over  ano  the  liquid       the  unit  velocity 

.  per  sec).  cl   is  used  for  the  coefficient  of 

vceco.    .    he  fluidity  of  a  liquid  it,  the  reciprocal  of  its 
viscosity  -  <\>    =  1    . 

0  d  s  have  been  used  in  the  i  cf  vis- 

cosity--        o  u  1  orab  ,  coefficient  is  calcu- 

lated from  observations  of  the  damping  of  the  oscillation  of 
3  id  oscillating  in  the  liquid,  and  that  of  Poiseville, 

t  from  observation  of  -         of  flow 
r  y  t  u  b  e  . 
on  between  the  viscosity  of  a 
solvent  and  the  electrical  resistance  of  s o 1 u t i 

tas  long  been  known.  Or,         ounts  to 
rallelisn 

• 

■ 


. 


of  the  e o 
tudy  of  ci  t e  b o  1  u - 

n n  concluded 
conduct  direct1         tional  t< 

solution.  *]       -  const,  wnere  K  is  the  conductivil 

y>  i  coefficient  of  viscosity,  p,  n  of  i 

it  of  electrolyte  to  one  h 

o  f  S 

(1) 

■ rian    ,  in  his  investigation,  used  a  seer-        ad  of 

~ying  flu:,         at  it,  by  var 
risen  was  made  between  the  temperature  coe:         s  of 
fluidity  and  of  conductivity.   Orotrian  found  t 
t  .■/  o  coeffi  • 

-otrian  had  ->vorked  with  solutions  of  ra'   r  cen- 

tration.   Thinking  that  less  irregularities  should  be  exhibited 

(2) 
by  dilute  solutions,  Stephan     made  a  study  of  the  conduc- 
tivities of  dilute  solut  i  ons  ,cc  ntainir.g  no'         an  five 
percent,  of  sodium,  potassium  and  lithium  c  ,  and  of 

sodiu-         as  si  urn  iodides  in  mixtures  of  ethyl  alcohol  and 

rd  possible  method  cf 
fluidity  - 
and  -e  used  : ■  certain  etr  ena 


71 


•  - 
would  be  from  the  rule  oi 

by  plot  t  in  {  :  it  ion  of  var::cus  mixtures  as  ordi nates 

iscosity  c         j.tures  a  r  abscissae,  the  vise; 
curve  is  seen  to  .    Thes( 

been  illustrated  arid  more  fully  treated  in  the  first  part  of 

(  p  . 4-9  )  .   S 1 1        L  s o  s t ud  i e        F  f  e  c  t 
of  temperature  upon  t  fluidities  involved, 

and  found,  as  uad  Grotrian  (loc.  cit.)  in  other  cases,  t 
b  coefficients  of  both  -ire  approximately  eq 
Stephan-  ish  the  relations 

k  »  KH   and  k  =  w   .  :;;; 

first  holding  for  all  fixtures  up  to  the  n>  i  x  t  u  r  • 
fluidity,         second  from  this  point  on.   K  in  both  forr> 
the  conductivity  of  the  equivalent  .  .It,  k  is 

ty  ir.  t    mixture,  H  andli  are  the  viscc  ity  coef- 
ts  for  water  and  for  the  -ixture  respectively. 

percent  of  water  in  re,  and 

■i    percent         r  ir.  the  aqueous  alcoholi. 

;  e  p  han ' s  conclusion  i  a  i I o n 


■  r  r  i  e  s  w  i 
at  the  ionic  fric'.  friction 

between  these  rest  of  the  solvent. 

formulae  was 
ticularly  in  the  case  of  the  second.   '.Vhy  t 
b e  s e e n .  cccunt  one  importanl 

jnductivity  -         at  ion.   Certainly  cus  mix:. 

there  would  l<e    vir^'ing  de  Tees  of  dissociation. 

Bsmann    made  use  of  the  data  furnished  by  "rotr 
(lcc.  cit.).    Totr :'  an'  s  determinations  of  viscosity  were   u.de  by 
j d  cf  Coulomb.  new  formula,  devised 

recalculated  Grotrian's  results,  and 
concluded  duct  of  the  viscosity  and  the  conducti 

solution  is  constant,  and  independent  of  t  -aturo. 

This  constancy  is  I  tenperatre 

coefficients  of  conductivity  and  of  viscosity  (  as  ca 

method)  are  the  one  per ci 

ost  cases  to  within  lei  -      of  c        ml 

he  showed         -ue  for  solutions  of  the  c 
tass  i  t  calcium  , 


.  18,  119 
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l         :  ty 

is  quest 

. 
(1) 
enius    in  the  investigation  alread"  referred  to  ( | 

effect  of  the  addition  c;         Kiantities  of  nonelec- 

trolytes  ctivity  of  aqueous  solutions  found  an 

empirical  relation  between  the  conductivity  of  the  solution  and 

viscosity  of  the  solvent.  tion  is 

1000  a  =  c  +  1000  c   (A  -  1  ) 

c  and  c   are  constants  for  the  given  solvent, 

viscosity  of  a  one  percent  aqueous  solution  of  the  none  2 

trolyte  (that  of  water  being  taken  as  unity)  and  a  is  the 

coefficient  a  in  the  equation  ,  1  =   L0(  1  ♦     )  ,  the  n 

2x 
.-is  already  been  explained  (p. 

IJand    worked  in  the  sarie  field  as  did  Arrhenius. 

found  the  relations  of  Ctephan  already  cited  inapplicable  to 

the  cases  studied  by  him,  and  also  t         rrhenius  jus: 

'iollnnd  concludes  that         "here  is  a  connec.         een 

ctivity  a?;c  viscosity,  it  is  unknc.  . 
(3) 

a  t  e  d  and  confirmed 

of  Arrhenius  (loc.  cit.  . 

- 


r  . 


L  t  s  i  n  m  <  rook 

occasion  to  determine  the  ire  coefficients  of  c 

solutions  studied,  am:  t  differed 

rom  the  temperature  coefficients  of  viscosity 
of  the  sol  rticularly  for  solutions  in  ethyl  alec 

For  example,  ^s^>,    the  temperature  coefficient  of  conductivity  - 

can  for  seven  salts  in  ethyl  alcohol  solution  -  was 
percent,  a  -n      was  1.78'  .   Similarly  A  |u,  -  the  mean  for 

1  alcohol  solution  -  was  1.3  percent,  A-m   for 
I  alcohol  was  1.4-5  .   In  ever;-  case,  at  high  dilutions, 
.vas  fcund  to  be  a  parallelism  between  the  two  tempera- 
ture coefficients. 

(1)  (2) 

ic-r    extending  the  work  of  Arrhenius     on  the  viscosity 

ixtures ,  finds  a  connection  between  viscosity  and  ionic 
lity.   Arrhenius  had  proposed  exponential  formula 
H  (  x  y  )  =  A*  27  or   v\%  -    A* 
irhere         e  vis  cos  it; 
tic  constants,  x,  the  volume  percent  of  the  fir: 

•  ,  the  volume  percent  of  the  second.   In  the  serend  formula, 
er  way  of  stating  the  first,  A  is  the  viscosity 
coefficient  ■!  solution  of  the  sec  in 


tschr. 
Bchr . 


first  a 8  solvent,  x,  the  volume  percent. 
rti  ally  dissociated  e 
it  the  form 

'   7   1 

assigning  a  purt  of  the  viscosity  to  e'j.<'.  ing 

indissociated  portion  of  the  electrolyte, 
t  for  -\nion  and  kat ion  respectively, 
tions,   for  norma--  solutions  where  the  dissociation 

r.a.is  known.   The  formula  becomes 
( 1  -  a  ) 
=  S  A  K 

t  ions  of  tne  sane  nobility  have  the  sane  vis- 
cosity constant,  'ants  f.or  various  ions  nay  be  de- 

be  found  by  deter  ining  H  for  t-        rent 
concentrations  of  tne  sane  aalt  ,  of  known  dissociation, 
the  aid  of       rrheniusfor  viscosity  coeffi- 

e  various  (univalent)  ions  are  t.nus  calculated 
lotted  a  rres ponding  ionic  es, 

tne  ccrres  Joints  are  seen  to  lie  on  a  curve 

A 
be  ex-ressed  by  the  equation   ((a)   -  <  .66  )   (Vj  =  const. 

by  coe 

+ 

I 

t  i  o  n  . 

pose'i 


. 


(1) 

) ul i e r    studied  .  ty  of  copper  sul 

y  c  e  r  o  1 ,  a 

mce 

lution  increases  I 1 y . 

o  r  1 1  v 

(3) 

puts  into  -lore  definite  form  ideas  previo. 

ohlrausch  had  shown 
in  the  case  of  aono val .ent  ions  .'.are  coefficient 

of  io>.  is  a  function  of  the  ionic  mobility  its 

just  as  Eular  (loc.  cit.)  showed  the  ionic  viscosity  coeffi- 
cient to  be  a  function  of  ionic  mobility.   The  c 

H .   In  tie  last  article 
lrausch  points  out  that  if  v/e  plot  the  conduc- 
t  y  curves  of  various  electrolytes  i 
t ion  of  ci  erat  ire  , 

ner  s  tion  of  the  fluidity  cf  water 

.  •  s  e  curves  cut  the  zero 
oint.   That  is,  conductivity  and  fluidity  disa] 

t •   Of  course  a  .vide  extrapolation  is  nec- 
essary, t  betake  .        is 


( 1) .   C.  P.  130,  773  ,  ] 


. 


curve       f  i 
ly    sodium    va]  jidity 

curve.  ir  ,    for    certain    slow    moving    ions,    Li     foi 

t    of    ionic    nobility    i 
of     f  luid  ' 
In    order  avoid     the    tacit 

on    that    ionic    motion    is    independent    of    motio 
-ausch    propos; 

t  . 
deter  Lvidual    characteristics    of  "    -    -    - 

direct    action    bet  outer    portion    of 

■_;si  s    accounts    for    ■  lefore    - 

e    of    fluidity    and     conductivity    at 
perature(  c    de-ice    in    certain    caees    of    con- 

.  id    f  luidi  ty    curve  , 
t a    of    in' 

cient    of     ion: 
i  ty 
conce:  such    ionic    hydration    is    • 

(  1  o  c  .    c  i  t 

'(1) 
ian  and    ''ernst 


case 

■■ 

(1) 

n  of 

ion  and  solvent  -  that  i  a  an  ionic         on. 

■ 

trolytes, 

-efore  restricted. 

ore  genera1  hypothesis,  applicable  to  a  ser 

ictorsj  first,  the  viscosity  (or         '/of 

t  I,  BO- 

|  third  , 

r 
power  c  property 

'ious  hypotheses  act 
rnst    finds  a  connection  between  d 
odielectri  t  t 

^een  previous 
s  on    .   In  genera  o f  a 

r  1 8 


to  be  true. 

(D 
Bruhl    ,  finds  in  u  cc 

-  o  polymeri  zat :' on  ,  and  of  di 

■ 

alcohols,     for 

I'ated    cc;.  .  ence    their    tendenc 

e r      to    die 

.  a  t  o  n  has 

r  connection, 

in  certain  cases  for  water,  methyl  a 

alccnols.  teen  (p.«  .       it  f  or  s  0 1 

t 
asi8  does  noi  e  of 

it  for  solutions 

- 


no    cau 

o n ly    c 

(1) 

Du  t  o  i  t    - 

n  e  c  t :'  •  , 

thus  Lrecti  onoJ 

e  s  i  s .  study    of    conductivities    of    so] 

■ 

|^>     for  •  ed    i 

rent    so]  of 

'  8  , 
M-oi 

. 

■ 


. 


8  i 


is.it  i  e 

- 

ation  dec:  net  hold  quanta' 
-         i  f  f  5  c  e  t  (  is  far  be 

ion  between  conduct 

r  '  •-  qualitat  ive .   Of 

■  t  a  n  c  e  i  s  t  o  f 

i p .   ]        proceed  t 
dees  exist,  and  I  proyose*. 

■ 
- 


X 


c 


c  e . 

= 

=  Cf 

t  o  f  fficient  of  vi 

for  "ent  solvents. 

w e  use  for  x  ,  a  ,    the  constant  is 

erm  "equivalent  c 
Bd  .   I  r,  c  -i  q  u  e  o  u  s  solutions 

is  evident  that  so]        of  the  sane  normality  (conl 
molecules  of         lyte  in  equal  vo"1 

irable.   It  is  eviden*  not  "the 

,  for  example,  we  come  tc  capare  solutions  of  t 
t  sol  v  e  r.  t  s  •   I  m 
solution  must  contain  the  sj^ 
iles  of 

vents,  or  e q u a 
e  diesolv 
vents  pr<.  1  to  the  molecular  vol 

• 

.  V3 


Iar\^>  lie  rw.l  y 

C^H4-d^. 

< 

S      IT 

9 

j: 

C 

T 

sc 

t-YV      C-OTAOOC 


frl/'l1j 


*»E-  R.  «-T-l>  .V 
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■ 
. 

alcohol,    for  r    i 

ely    40.       The    volumes     c 
ratio    18    (of     >vater)     to  of 

• 

ild     be    40    to    57.5. 
I    shall    now    proceed 

! 

tion  i         uidity  of  -ethyl  and 
perature,  Afferent  fluidities  or 

■:•  re  r.  t  ten  peratures  abscissae.   Plotted 

id  'activities  of  various  binary         ^  y  t  e  s 

Z i  n  ce  ■ 
case  ,  one  at  0   j. 
•.tion  in  conducti1  a  straight  line. 

ofater  -.  e  points  could  be  had  thi  s  would 

not  be  tue  case  -  too  line         >e  a  cui-v-. 
first  ordinate  -  that  at  C  -  is  "lade  the  sane  in  bot 

the  case  of  ictivities  is  t.ien  found  fr 

or . 
• 


. 

thatthe! 
riation  of  fluidit; 

■e  coefficie: 
both,  the  differem 

less  than  this,  pal        riy  for  solu- 
tions alco  ol.   Vollmer  (loc.  cit.)  called 
i 

(  rn  (p. 64)  that  thia  is  also  true  for  cur- 

tain electrolytes  of  certain  mixtures  of  solvents, 
the  te        ^e  coefficients  of  fluidity  and  conductivity  are 

e  v-j.lue  of  the  quoti  ent  |U£*Y-  i£  tor  for 

a 
an  electrolyte  in  the  fixture  than  for  the  same  electrolyte 

-  pure  alcohcl.   It  is  difficult  to  see  why  t.i 

case  -  unless  t  in  the  mixture  "olex 

solvent  not  to  be  compared   ith  the  simple  solvent.   Cert 

resenceof  ture  should  cc 

ters.   Thisinterestii       b  needs  fur  on. 

(  >e  values 

o  we 

t  calculate   the  ionic  friction. - 

would  not  be*.  e  coefficient  of 

■) 


is  necessary  to  show  t 

next    step    is  dataastoc 

tivit  'g,  ■         protff  •'    express 

*  •  Is    for    solutions    ii 

L  c  i  e  n  t  s    of    v  i  s  c  o  g  :j  e  e  n    taken    directly    or    inter- 

polated    from    the    results    of    Thorpe    and    Rodger 

itivities    in    the  v  1 v  e  n  t  s    are    taker 

.ions    of    Vollmer    (loc.  cit    .),    Carrara    (loc.     cit. 

isay(loc.cit.)an  own.  ie    values    for 

the  ass  ociat  i  on  factors  are  t  ho  :  e  riven  by  Ramsay  and  Shields 
(2) 
e i r  first  paper    ,  for  met  y 1  alcohol   at  ord: 

ratures  ,  3.43,  for  ethyl  alcohol,  2.74. 

Table  69.  p-vi  for  lithium  nitrate  i 


V  o  1  u  "  e 


' 


25 


25 


I. 

::i . 


0.1238 

0.1385 


0.13  23 


(  1)  . 


f or  •         co ho 1 ,  19  .8  ,  f or  et 

1 8 •   In  the  case  of 
nol  s^         values  for  Lea  were  found  by 

inter- 

is  seen  fr  table,  tno  constants  for 

the--  re  equal  t<  r cents. 

Further,  t  er  and  a", 

perature.   Of  course  be  are  no'.. 

16  different  volumes,  for  here  used  the 

t:on  factor  as  a  constant  in  the  equation.   It  represents 
dissociation,  and   if  we  were  to  substitute  percent  of  disso- 
ciation for  the  association  factor,  ;es  for  the 
t  wculd  be  the  sane  in  all  cases. 

Alt:  et   r,  thi     "ee^ent  of  theory  and  fact  is  a] 
:*ed,  wnen  we  consider  the  errors 
in  the  determination  of  the  quantities  used. 

i  are  certainly  only  a 
liable  to  -    rror 
server.         lues  for 
i  c  h  as  four  o i 


87. 


70.     p-1] 
x 

Is  . 


Volune 


I 
IT 

ITI 


CH  OH  -  J  5 


)H  -  0 


0.13  69 
0.1441 
0.151b 


0.1293 
0.1416 

0  .15  3  1 


The  volunes  of  comparison 
case  of  lithium  nitrate. 

tes  for  the  conductivities  in  e1        chol  are  taken 
say.   Those  yive'.    by  Lindsay  for  r.ethyl  alcor.cl  so- 
lutions are  not  used.   Tht  -rara  are  taken,  as  tr.ey 
agree  with  values  given  by  Felinsky  and  Krapiwin  (loc. 
while  t.ose  of  Lindsay  do 

l 1 1  cases  agreement  is  as  close  as  c   I 


. 


71. 
x 

4         [         I  .     ■  K^   i    £*!   I 

V  o  1  - 

25         :5       0         25      0 

Llndeja 

I    0.1377   0.1308   0.1417   0.1298   0.1359 

II    0.1471   0.1408   0.1526   0.1428   0.1479  0.51C   0.571 

0.1558   0.1466   0.1617   0.1544   0.1592  0.525 

IV    0.1636   0.1513   0.1C65   0.1698   0.176    ,        .571 

C.539   0.571 


volumes  compared  were  64 ,  128  ,  256  ,  and  512  for 
alcohol,  for  ethyl  alcohol,  J5.7,  etc.   Bo'         v's  and 
Carrara's  values  for  conductivities  in  methyl  alcohol  were 
used  in  order  to  compare  the  results.   In  sore  cases  those  of 
the  o  -eenerit,   in  other  cases,  t  no  s  e  of 

r,  indicating  that  the  differences  are  influenced  by 
experimental  error. 

It  ;  r  '  s 

values  for  the  coefficients  of  vise  .       calcu' 

-e  I  decided  * 
d  g  e  r .   1 1 


(l).  tein  -      Her. 


ver  -  re  b    be 

used  .  Is. 

ti  ons    h;r  ad  e  , 

differed  iven    in    trie    tables    cf    L  an  dolt 

and     Boernstein. 

. 
j^-vj     for    lithium    chloride     '  yl    and    pn 


Volume         CHsOH    -; 


I  . 


0.1213 

0.1166 


CxHi-0H    "    18  -vw- C^il-,  Oil    -    15 

0.1256  0.1164 


r    -    18 


volumes  compared  are  256,  4  03,  604.   The  values  for 

conductivities  are  taken  from  Carrara  (loc.  cit.         r  (lcc 

(1) 
cit.)  and  for  n-  propyl  alcohol,  from  !  chlamp    • 

agreement  is  satisfac 

It  is  interesting  t   note  that  the  relation  holds  for 

picric  acid  ir.  methyl  arid  ethyl  alcohol  solution.   'V'here 

the  volumes  compared  are  205  and  270  re-  j •  >■ 

x 
one  case  equals  O.OG65,  arc  in  r,  0.0611.   The  data  foi 

the  comparison  are  furnished    by  Schall 


(  1) .  Ztechr. 

( 2 ) .  :  ,  7  n  7 ,  j  i  e  o  i ) . 


results  may  be  summarized 

Is. 

>■■     for  various  electrolytes  in  different  solvents. 
x 


v  =  200 
& 
283 
v  =  750 


0.14-38 


0.157 


575 

.  x  /:L   0.1156 
v  =  832    0.1123 
1200 

KC,.Ha0,_ 
I 

18         0.1457 
340 


C^H^OH 


0.1447 


0.1093 

0.1360 


0.159 


Carroll    (25°)     - 
ner    (  ] 


Carroil(  25°)- 
?    (15°) 


Vb'llmer(  18*) 

arraraj  25°  ) 
Vollmer      18°) 

Vollmer    (18°) 

Carrar- 
Vollmi  r 


In    a  caoes    the    agree    ent    continues    to     be    sn 

f  act 

In    tiio    foregcir. 

in    t . .  e    literature.       T n    all    of    the    cases    -    b 
lumber    -    f  <  •     i>e    ad- 

mitted    tha 

leone.  ;  ■  v  e  r  ,    d  o  i 


it    applies. 
Ions    in   « 

t . 
Ion   is,    it   see  ,  '  . 

•  s . 
•  i o u s    e 1 e  c  t  r o i y t  e  s    in    various    s 


C,H.,  &0H 

ctrolyte      &=0.l  -0.00666(18°)    n  =  0. 0035a       n=0.002 

18°  0.00552(25°)  25° 


KI 

'    L 

"TaCL 


0.567 


0.466 


0.377 


0.434 


0.53  0-18 
0.528-25 


0.505-18 
0.496-25 


0.581 


0.416-18 
0.427-25 


0.541 


0.43  4 


0.538 


(1) 
The    values    for    acetone    were    taken    from    Carrara    ,     those 

"ollner    (loc.    cat.),    those    foi 

loI    from    Vollmer    ■  ci  t  .  )  , 

for    ]   -  ohol    from    Schlamp    (loc.    cit.) 


( 1)  .  •  : 1)  ,    207  . 


ist  certainly  be 
invo]  on  of  condu 

dilations-"  D  o  d  a  s  c  o 

for  lithium  and  sodium  chlorides  in  et 
values  were  proba  ly  not  reached,  for  vrith  them  Vol: 
dod  not  go  to  a  dilution  as  high  as  in  otner  cases.   The 
stants  for  these  salts  would  probably  be  the 

values  given  in  the  table,  t  .us   aking  t  t  better. 

] us  ions. 
I.   The  work  of  Zelinsky  and  Krapiwin  and  of  Lindsay 
the  occurrence  of  the  minimum  in  condu 
ueen  shown  in  taree  cases  -  cad nium  iodide,  sodium  iodide, 
i  tloric  acid,  in  mixtures 

The  dissociation 

...         !    iodide    and    potassium    bromide, 

Lcohol    and  to    be    g re 

-    ■  -respond  i  l  >n  . 


'  o  f  f  or  e<' 
The  phenomenon  haa  I  • 
in  fluidity  resulting  on  mixing  tie  components  of  t 

othesisofDutoitandAstc 

titatively  for  cer  i       -ee  solve  its  - 

.  co hoi  and  ethyl  alcohol. 
The  ohlrausch   ( f or  oa- 

phere  of  tne  solvent  around  the  ions  in  solution  ) 
shown  to  hold  for  binary  electrolytes  i 
alcohols . 

VI.    A  hypothesis  correlating  conductivity,  association  and 
viscosity  (or  fluidity)  has  bee  a  proposer1.,  #n 

1  cases  available  for  discussion. 
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